Introduction Respiratory viruses are a major cause of respiratory tract infections. The prevalence of a virus-positive respiratory sample and its significance in patients requiring mechanical ventilation remain unknown.
Introduction
Respiratory viruses represent an important role in the etiology of community-acquired pneumonia in adults [1] [2] [3] . Respiratory viruses are also the leading cause of acute exacerbations of chronic obstructive pulmonary disease (COPD)/asthma patients [4, 5] , resulting in frequent consultations with a general practitioner and hospitalisations. In some cases, invasive ventilation is required [3, 5, 6] . The number of studies that document the presence of viruses in respiratory samples of critically ill patients is currently growing in the literature [7] [8] [9] . What is really needed, however, are more data on the clinical significance of these findings, particularly as regards morbidity and mortality. COPD = chronic obstructive pulmonary disease; ICU = intensive care unit; IL = interleukin; PCR = polymerase chain reaction; RT = reverse transcriptase.
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In a previous work we investigated the incidence of nosocomial viral ventilator-associated pneumonia [10] . The aims of the present study were to determine the epidemiology of and risk factors for virus-positive respiratory samples taken at the time of intubation in acutely ill patients, and to compare clinical outcome (survival and time to ventilated acquired pneumonia) with and without respiratory viruses, according to the presence (group 1) or the absence (group 2) of respiratory disorder at admission.
Methods Patients
All consecutively intubated adults admitted to the intensive care unit (ICU) in the University Hospital of Caen between September 2003 and September 2004 were screened, as previously reported [10] .
Data collection
Patient characteristics recorded at the time of intubation included age, sex, main reason for ICU admission, scoring of disease severity within the first day in the ICU -assessed by the admission Simplified Acute Physiology Score type II [11] , the Acute Physiology and Chronic Health Evaluation II score [12] and the admission logistic organ dysfunction system [13] -and concomitant diseases such as immunocompromised status defined as HIV infection, neoplasia, innate immunity deficit, cystic fibrosis, chronic use of steroids or immunosuppressive drugs. Other comorbidities such as diabetes, COPD/ asthma or cardiovascular diseases were also recorded at admission.
The main reasons for ICU admission (defined on enrolment without the knowledge of viral assessment) included cardiac arrest, septic shock, cardiac shock, mixed shock, hemorrhagic shock, respiratory distress alone (without other associated organ failure), acute renal failure, coma, intoxication, surgery and other. In addition, clinical outcomes assessed by the occurrence of ventilator-associated pneumonia and death were recorded.
According to French legislation at the time of the study and given the observational nature of our study, no ethical committee approval was requested and thus no informed consent was obtained from the patients.
Virologic assessment
Details of the virologic methods for virus detection are published elsewhere [10] . Briefly, tracheobronchial aspirates performed at the time of intubation were assessed by culture, by indirect immunofluorescence assay or by molecular methods (PCR or RT-PCR) using previously described procedures [14] [15] [16] [17] .
The following viruses were tested: parainfluenza virus 1, parainfluenza virus 2, parainfluenza virus 3 and parainfluenza virus 4, influenza virus A, influenza virus B and influenza virus C, respiratory syncytial virus, metapneumovirus, rhinovirus, coronavirus 229E and coronavirus OC43, adenovirus, cytomegalovirus and herpes simplex virus. Chlamydia pneumoniae and Mycoplasma pneumoniae were also detected by PCR assay.
Respiratory specimens were processed for PCR or RT-PCR at the end of the study period. One positive sample and several negative control samples were included for each infectious agent, which were treated identically to the virus samples throughout. Results of conventional methods for viral isolation, routinely performed (in case of respiratory disorder), were transmitted weekly to the clinicians. Antiviral drugs could be used during the study period for proven herpes simplex virus or cytomegalovirus infection in immunocompromised patients.
Definitions
Pneumonia was defined as any acute septic episode with respiratory symptoms (cough, sputum production, dyspnea, pleuretic chest pain or altered mental status) and a radiographic infiltrate that was neither preexisting or of other known cause [18] . Pneumonia occurring after 48 hours of hospitalisation was considered nosocomial. Ventilator-associated pneumonia was defined as described elsewhere [10] . Acute exacerbation of COPD was defined according to the NHLBI/WHO Workshop Summary [19] . Respiratory disorder was defined as respiratory distress alone or any other reasons for admission with associated respiratory symptoms.
Statistical analysis
Quantitative data and qualitative data were expressed as the mean ± standard deviation or as the median (range) and percentage (95% confidence interval), respectively. Categorical variables were compared using the chi-square test or Fischer's exact test, when appropriate. Quantitative variables were compared using the Student t test or the Mann-Whitney nonparametric test, when appropriate. The confidence intervals of percentages were based on normal approximation.
We modeled the probability of a positive virus respiratory sample using a logistic regression model. Because we hypothesised that the pathogenic role of respiratory viruses in the respiratory tract may differ when associated with respiratory symptoms or not, we examined outcome according to the presence (group 1) or the absence (group 2) of respiratory disorder at admission. To assess the impact of the virus respiratory sample on time to death and time to ventilated acquired pneumonia, we constructed Kaplan-Meier curves and Cox models.
A stepwise selection of variables associated with outcome at P < 0.1 in the univariate analysis was chosen for multivariate modeling in both the logistic and the proportional hazards models. Multivariable modeling is a tradeoff between model (page number not for citation purposes) complexity and parcimony. Because of our relatively small sample size, we selected a level of alpha risk <0.25 to remain in the multivariable model [20] to avoid partial confusion bias. The level of significance was set at P < 0.05, and all tests were two-sided.
We used EPI-INFO version 6.04dfr software (EPI-INFO; CDC, Atlanta, GA, USA) for data collection, and used EPI-INFO and SAS version 9.1 software (SAS Institute Inc., Cary, NC, USA) for data analysis.
Results

Prevalence and baseline characteristics
Among 653 patients admitted to our ICU during the study period, a tracheobronchial aspirate was taken for viral studies in 187 patients, as shown in Figure 1 . The prevalence of admitted patients with at least one virus-positive respiratory sample was 41/187 (22%; 95% confidence interval, [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] at the time of intubation. Baseline characteristics of patients with or without a virus-positive respiratory sample are presented in Table 1 . The main reason for admission was respiratory distress alone (77/187), including 46 cases of pneumonia, nine cases of acute COPD/asthma exacerbations, 11 cases of pulmonary edema, five aspirations, two cases of intraalveolar bleedings, one case of atelectasia, one pneumothorax, one pulmonary embolism and one case of myasthenia. Forty-five out of 187 additional patients had respiratory disorders as associated symptoms at admission.
Virus finding
Forty-five viruses were isolated from the respiratory specimens of 41 patients (Table 2) . Rhinovirus was the most commonly isolated virus (19/45), followed by herpes simplex virus type 1 (10/45) and virus influenza A (7/45). Rhinovirus detected in the lower respiratory tract was associated with clinical signs of acute COPD exacerbation, of pneumonia or of pulmonary edema in all cases except in four patients, and virus influenza was associated with acute respiratory or cardiac failure in all cases but one. Viral coinfection was detected in four patients: one case of rhinovirus and virus parainfluenza 3, one case of rhinovirus and cytomegalovirus, one case of herpes simplex virus type 1 and virus influenza A, and one case of herpes Profile of the study Profile of the study. ICU, intensive care unit.
simplex virus type 1 and coronavirus. We reported two seasonal peaks: December for virus influenza A and March for rhinovirus ( Figure 2 ). Other viral detection details are presented in Table 2 .
Risk factors associated with a virus-positive sample
In univariate analysis (Table 1) , COPD/asthma patients (P = 0.0012), admission between 21 November and 21 March (P = 0.003) and admission with respiratory disorder (P = 0.03) were significantly more prevalent in patients with a virus-positive sample. In addition, patients with a virus-positive sample had a nonsignificant lower Acute Physiology and Chronic Health Evaluation II score compared with patients with a virusnegative sample (18.0 versus 20.9, respectively; P = 0.057). In multivariate analysis controlling for Acute Physiology and Chronic Health Evaluation II score and respiratory disorder, the COPD/asthma patients and admission between 21 November and 21 March remained significantly associated with a virus-positive sample, as shown in Table 3 .
Clinical outcome by virus respiratory sample
The Kaplan-Meier curves of survival according to the presence of respiratory viruses in group 1 and in group 2 are shown in Figure 3 . A tracheobronchial aspirate positive for respiratory Survival according to viral screening and respiratory disorder at admission Survival according to viral screening and respiratory disorder at admission. Survival according to the result of viral screening on intubation in patients with (group 1) and without (group 2) respiratory disorder at admission.
viruses at the time of intubation was independently associated with better survival in group 1 (P < 0.006) but not in group 2 (P = 0.94), where only a higher Simplified Acute Physiology Score II (P < 0.002) and admission for cardiac arrest or cardiogenic shock (P = 0.07) predicted time to death, as shown in Table 4 and Table 5 , respectively. A virus-positive sample did not predict the time to ventilator-associated pneumonia in group 1, in group 2 or overall (data not shown).
Discussion
The present study reports that respiratory viruses, as systematically screened with sensitive methods at the time of intubation, are common (22%) among adults ventilated for more than 48 hours, regardless of the reason for admission to the ICU. Rhinovirus was the most commonly isolated virus. We have identified, for the first time in this setting, three risks factors associated with a virus-positive sample -namely, admission with respiratory disorder, COPD/asthma and admission during the winter endemic viral season. These factors highlight that the diagnosis of respiratory viral infection should be focused for patients with a respiratory disease, and support the hypothesis of the clinical impact and pathogenic role of viral infection. In addition, we suggest that the ICU mortality might be lower in viral-associated respiratory disorder than in nonviral-associated respiratory disorder. A virus-positive sample had no impact on the time to ventilator-associated pneumonia, as previously reported in a smaller sample of this cohort [10] .
Our finding differs from previous studies assessing the microbiologic pattern of severe pneumonia [18, 21, 22] or acute exacerbation of COPD [7] , which reported a lower prevalence of respiratory tract viral infection, varying from 0% [23] to 16% [7] . Differences in the diagnosis tests, the lack of a PCR assay and the limited range of viruses sought may explain this differential. Our rates of virus-positive respiratory samples were consistent with the prevalence of respiratory tract viral infections of 17-48% [8, 9, 24, 25] observed in recent prospective studies using molecular methods for viral detection and focusing on COPD patients [9, 24, 25] or patients admitted to the ICU for cardiorespiratory failure [8] . As previously reported [9, 26] , the prevalence of virus-positive respiratory samples was increased in the endemic viral period.
The molecular method used in this study for viral detection is recognised as the most sensitive technique [27, 28] . Nonethe- Logistic organ dysfunction system 6.8 ± 3.9 7.8 ± 3.8 0.14 Data are presented as the mean ± standard deviation or number (%), when appropriate. a Respiratory distress alone or associated symptoms with another reason for admission. Table 2 Viruses detected in the respiratory specimens on enrolment. less, the clinical relevance of a positive respiratory virus PCR test needs to be appraised. This topic has been discussed in specific populations that differed from our ventilated ICU patients; however, no chronic shedding or carriage of respiratory virus RNA was found in children [29] and no chronic shedding or carriage of respiratory syncytial virus was found in COPD patients [30] . Rhinovirus RNA could be detected up to 2-3 weeks after infection [31] , without exceeding five weeks and virus influenza RNA could be detected up to seven days after infection [32] . These findings suggest that PCR-positive patients had been infected recently in our study, most of them within the two weeks before admission.
According to previous studies focusing on patients at high risk for viral disease [4, 6, 8, 9, 24, 25, 28, 33] , rhinovirus and virus influenza were the most frequently recovered viruses. These epidemiological data underscore the potential pathogenic role of rhinovirus and of influenza virus as the cause of severe respiratory disorder.
In the present study, the proportion of rhinovirus (42%) was higher than reported in ICU patients [8, 9] . While its role as an important respiratory pathogen remains the subject of debate, several experimental studies with nasal inoculation demonstrated that rhinovirus could reach, penetrate and replicate in the lower airway epithelium and could induce a proinflammatory response [34, 35] . Rhinovirus was also associated with severe lower respiratory tract illness [36] .
In contrast, influenza virus is recognised to play a major pathogenic role during flu outbreaks in the winter-spring season. A causal relationship between influenza virus infection and hospitalisation for respiratory or cardiac failure has been shown in vaccine effectiveness studies [37, 38] .
We failed to demonstrate that patient exposure to respiratory viruses significantly increased the risk of ventilator-associated pneumonia. It is commonly reported that respiratory viruses could facilitate bacterial infection of the airways, by damaging the respiratory epithelium [39] . Some experimental studies have reported that respiratory viruses may promote bacterial adhesion to respiratory epithelial cells, a process that may increase bacterial colonisation [40, 41] , and that rhinovirus may increase the ability of Staphylococcus aureus to internalise into pneumocytes with a mechanism that involves the virusinduced release of IL-6 and IL-8 and the overexpression of ICAM-1 [42] . Finally, an epidemiological association has been described between viral pneumonia and nosocomial infection [43, 44] or respiratory sepsis [26] . Viruses detected in the respiratory specimens on enrolment. In the subgroup of patients with respiratory disorder, those with virus-positive samples surprisingly had a better survival. This result should be interpreted cautiously because it relies on the control group (that is to say, patients with a virus-negative sample). This finding does not question the severity of virus-associated respiratory disorder, but simply suggests that the prognostic may well differ from other causes of respiratory disorder. It has been reported that the clinical severity and inflammatory responses in COPD exacerbations could be modulated by the nature of the infecting organism [24, 25] .
We are aware of limitations. The monocenter design of the study, the relatively small number of included patients, patients' underlying disease heterogeneity as well as the fact that 18 patients (8.7%) were eligible but not screened may limit the interpretation and relevance of our data. Because the systematic search for bacteria was not obtained at the time of intubation, 'virus-associated respiratory disorder' does not necessarily mean virus-induced respiratory disorder. In addition, the PCR might be too sensitive and we cannot exclude an asymptomatic carriage of respiratory viruses in the airways in some cases. In the future, a quantifying viral load might be another approach to improve the diagnostic accuracy.
The results reported here may have important implications for the design and power analysis of a randomised controlled trial using antiviral drugs. With a 12% mortality rate in the control group (that is to say, the rate we observed in virus-associated respiratory disorder), the room for improvement in patients Table 4 Factors associated with survival in 122 patients with respiratory disorder (reason for admission or associated symptoms at admission). 
Conclusion
We have reported and described the prevalence of virus-positive respiratory samples taken at the time of intubation in ventilated adults, contributing to improving epidemiological knowledge in the critical care setting. Using the most sensitive methods for viral detection, we were able to identify that 22% of our patients had viruses in their airways. The detection of respiratory viruses in the respiratory tract, however, was not always associated with respiratory symptoms, as demonstrated by the 12% asymptomatic carriage in group 2 ( Figure  3, group 2) . Finally, we suggest that patients with viruses in the respiratory tract and respiratory symptoms (suggesting a virusassociated respiratory disorder) had a better prognosis in the ICU than patients without viruses and respiratory symptoms (suggesting other causes of respiratory disorder), as shown in Figure 3 (group 1). Further studies are necessary: first, to confirm the importance of viral infections as a cause of acute respiratory failure in patients admitted to the ICU; and, second, to address the role of antiviral therapy in this population.
Key messages
• Respiratory viruses screened at the time of intubation are common among adults ventilated for more than 48 hours, especially in patients admitted for respiratory disorder.
• Rhinovirus is the most commonly isolated virus.
• We suggest that virus-associated respiratory disorder may be associated with a lower clinical severity and better prognosis, as compared with other causes of respiratory disorder.
• Further studies are necessary to confirm the importance of viral infections as a cause of acute respiratory failure in patients admitted to the ICU, and to address the role of antiviral therapy in this patient population.
